The objective of this study was to evaluate the effect of the of common bean seeds coating with different doses of Si, supplied by the carbonized rice hulls, in its physic, physiologic and sanitary attributes, as well determine the amount of this element absorbed in plants. The experiment was conducted in Laboratory of Seed Analysis belonging to the Universidade Federal de Pelotas-Brazil, during the crop season 2014/2015. For this, common bean seeds of cultivar BRS Expedito were treated at doses of 0, 45, 90, 135 and 180 grams of Si 100 kg -1 of seeds, using a completely randomized experimental design with four replicates The use of different doses of carbonized rice hulls in the seed coat does not alter the physical quality and does not negatively affect the physiological quality of the seeds. Crescent doses of carbonized rice hulls up to 101 g of Si 100 kg -1 of seeds increase the seedlings vigor evaluated by the total dry mass and length of shoot at 21 days after seeding, as well as the Si amount in roots. The root dry mass at 21 days after seeding presents growth reduction with the increase of doses until 104 g of Si 100 kg -1 of seeds, although, without compromising the shoot development and the element accumulation. The different Si doses supplied by the carbonized rice hulls do not control pathogens associated to seeds.
In prospect of the environment and consumer health, considering increasing toxic residues from agricultural spraying allied to the potential pathogen damages, a clean technology of low environmental impact becomes an interesting idea if seeking new management strategies. In this manner, studies that indicates the best manner to use this source, enabling the technique of seeds coating, are fundamental to guarantee a good initial performance of common beans. In this context, it was aimed to evaluate the effect of common bean seeds coating with different Si doses, supplied by the carbonized rice hulls, in its physic, physiologic and sanitary attributes, as well determine the amount of this element absorbed in plants.
Material and Methods
The study was conducted in the Laboratory of Seeds Analysis, Seeds Pathology and in greenhouse of the Eliseu Maciel Agronomy College, of the Universidade Federal de Pelotas, Capão do Leão-RS (Brazil) . For this study, common bean seeds of the cultivar BRS Expedito, crop season 2014/15, with initial germination of 82% were used. The Si source was carbonized rice hulls (83.54% Si), previously grinded in mill, with granulometry of ±18.2 micrometer and density of 0.58 g cm³. The treat was the common bean seeds coating with doses of 0, 45, 90, 135 and 180 grams of Si 100 kg -1 of seeds, corresponding to 0, 53.9, 107.8, 161.7 and 215.7 grams of product for every 100 kg of seeds.
The process of seeds coating was manually realized, using polyethylene bags as methodology described by Nunes (2005) , with four replicates for each dose. So that a certain amount of Si was placed in a bag, plus 300 mL of Collor Seed® polymer (red color) and 700 mL of water, to complete the volume of 1 L for 100 kg of seeds. Afterwards, it was homogenized the products in the bottom of the plastic bag, mixing at a height of 15 cm, and then added 0.2 kg of seeds in each bag, stirring until uniformity of product and total coating of seeds. After the treatment, the bags with seeds were opened allowing the seeds to dry in environmental temperature, for 48 hours, then, the tests were carried out as described next:
Thousand seeds mass (TSM) was determined using four replicates with eight subsamples of 100 seeds from the pure seeds portion and the results expressed in grams (Brasil, 2009a) .
Water content (WC) was determined by the kiln method at 105±3 ºC, for 24 hours, in four replicates of five grams of seeds per treat (Brasil, 2009a) .
The germination test (G) was carried out with four replicates of 200 seeds, divided in four subsamples of 50 seeds, using substrate germitest paper, wetted with distilled water, in the proportion of 2.5 times the mass of dry paper and maintained in germinator at 25±2 ºC. The evaluations were realized at five and nine days after the test implementation, being the results expressed in percentage of normal seedlings (Brasil, 2009a) .
The first germination counting (FGC) was conducted with the G test, constituting in the register of normal seedlings percentage, verified in the fifth day after sowing (Brasil, 2009a) .
The cold test (CT) was conducted in four replicates of 200 seeds, with four subsamples of 50 seeds, distributed in rolls of germitest paper, previously wetted with distilledwater 2.5 times the mass of dry paper. A sequence, the rolls were placed in plastic bags and put in refrigerator regulated at 10 ºC for three days. After, the rolls were placed in germinator at 25±2 ºC, and in the fifth day it was counted the normal seedlings (Guiscem et al., 2010) .
The accelerated aging (AA) was conducted in boxes type "gerbox" with aluminum screen overhead in the interior of the box, where the seeds were evenly distributed. The boxes were covered and conditioned inside BOD chamber, with temperature of 43±1 ºC and staying for a period of 24 hours. After this period, the seeds were germinated, according to the methodology described for the G test (Brasil, 2009a) , being the evaluating realized in the fifth day after seeding and the results expressed in percentage of normal seedlings (Bertolin, Sá, & Moreira, 2011) .
The seedlings total length (STL) was carried out as the FGC, where four subsample of 10 seedlings of each treatment were randomly collected after the fifth day after sowing. The seedlings total length was determined with the aid of a ruler and the results expressed in centimeter (Nakagawa, 1999) .
The total seedlings dry matter (SDM) was verified after STL, which were placed in paper bags and dried in kiln of forced air ventilation, at 70 ºC for 72 hours. The SDM was determined in precision scale and results expressed in grams per seedling (Nakagawa, 1999) .
For the conduction of the experiments in greenhouse, it was used as substrate earth and vermiculite 2:1 (v/v). The used soil was Planosoil type, with sandy loam texture (Streck et al., 2008) The seedling emergence (SE) was determined with four replicates of 50 seeds for each treatment, sowed in plastic tray, depth of 2.0 cm containing earth and vermiculite, maintained in greenhouse without control of temperature but irrigated. The evaluation was realized at 21 DAS computing in percentage the number of emerged normal seedlings (Nakagawa, 1999) .
The velocity of emergence index (VEI) was carried out with the SE, throughout daily counting of emerged seedlings until the emergence be still. For each replicate was calculated the VEI, adding the number of emerged seedlings every day and dividing by the number of days from the seeding (Maguire, 1962) .
The root length (RL21d) and shoot length (SL21d) was determined in 20 normal seedlings randomly choose from each replicate, at the end of SE evaluation and measured with ruler, expressed in cm per seedling.
The root dry matter (RDM21d) and shoot dry matter at 21 days (SDM21d) were determined in seedlings of the RL21d and SL21d, which were then separated and put to dry in kiln of forced air circulation at 70 ºC, for 72 hours. After this period, the samples were weighted in precision analytic balance and the results expressed in grams per seedling.
Seedlings resultant from SE were removed from the substrate, washed and immediately discriminated in root, hypocotyl and leaves. Then, it were placed in paper bags and dried at 70 ºC for 72 hours. Afterwards, they were grinded in electric mill type Willey, Marconi® with sieves of 40 mesh. The amount of Si concentration in the tissues was determined by the colorimetric analysis in 0.1g of dry tissue, after basic ingestion (Korndörfer, Pereira, & Nola, 2004) .
The evaluation was realized through the "Blotter Test" method freezing for 24 hours, using 200 seeds for each treatment, divided in four subsamples of 50 seeds, which were placed in plastic boxes "gerbox" type previously disinfested with alcohol 70% and sodium hypochlorite at 1%, containing two filter paper sheets sterilized and wetted with distilled water. After frozen, the seeds were incubated at 25 ºC for seven days with light/dark period of 12 hours (Brasil, 2009b) . The seeds individual evaluation was realized with microscope stereoscopic and optic, being the pathogens identified at genre level (Barnett & Hunter, 1972) , and the results expressed in percentage of infested seeds.
The experimental design was completely randomized with four replicates. For the statistical analysis, the data was submitted to residue normality test by Shapiro-Wilk and variances homogeneity by Bartlett. When attending the presuppositions, the data were submitted to variance analysis (ANOVA) and if significant, were realized polynomial regression equations. The Kruskal-Wallis test was used for non-parametric data. The analysis were processed by the SAS Software (SAS Institute, 1989, Cary, NC).
Results and Discussion
The results obtained and the equations of regression for the variables physic and physiologic quality of seeds, as well the amount of Si concentration in common bean seedlings, from seeds coated with different doses of carbonized rice hulls, can be found in Table 1 . The physic quality of seeds was not significantly influenced by Si doses, as verified in the variables TSM and WC (Table 1) . Note. * and ns = significant and non-significant by F test at 5% probability, respectively; R 2 = determination coefficient; Y and = estimated value by the ideal Si dose. Thousand seeds mass (TSM); water content (WC); first germination counting (FGC); germination (G); cold test (CT); accelerated aging (AA); seedlingstotal length (STL), seedlings dry matter (SDM); seedlings emergence (SE); velocity emergence index (VEI); shoot length (SL21d) and root length (RL21d) of seedlings at 21 days; shoot dry matter (SDM21d) and root dry matter (RDM21) at 21 days.
The process of seed coating did not change the weight and physic layer of the seeds, because the source used for it (carbonized rice hulls) had a fine texture, lightweight and low density texture. However, weight increases of 0.62 (0.25%) to 3.12 (1.25%) were observed in relation to the zero dose. According to Silva and Nascimento (2009) , the addition of products with very small doses and densities do not significantly modify the physic proprieties of the coating layer. In this manner, materials with good adhesion and solubility are preferred, in order to guarantee gas exchanges and water absorption between the seed and the external environment of the coating, although, without interfering in the germinating process (Xavier, Vieira, & Guimarães, 2015) .
In relation to WC, seed moisture did not change with the application of the different doses of Si, the polymer and water used in the coating process, being adequate the time and environmental temperature used in the process of seeds drying, what possibly proportionate a safe storage, since the seeds will not absorb water (Xavier et al., 2015) . There was no significant difference in the percentage of normal seedlings, obtained by the FGC, G, AG and CT tests, by increasing the Si doses in the seed coat, demonstrating that the use of carbonized rice hulls does not harmed the development of normal seedlings, as much for ideal germinating conditions as for stress conditions (Table 1) . Similar results were found in coated seeds of barley, wheat and rice Corlett et al., 2014; Tunes et al., 2014) . However, Oliveira et al. (2016) verified that improved Si doses propitiate increase in the number of normal seedlings for FGC in rice.
The STL was not influenced by Si doses (Table 1) . Although, positive and significant results are verified in the production of SDM, being the data adjusted to a quadratic behavior, where the maximum point of dry matter accumulation was at the dose of 100g Si 100 kg -1 of seeds, resulting in the increase of 16% in relation to zero dose (Table 1) . These results agree with other studies, which demonstrated that Si is a benefic element, that positively influences the growth rate and seedling development at initial stages when supplied with seeds coating jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 12; 2019 Tunes et al., 2014; Corlett et al., 2014; Janmohammadi & Sabaghnia, 2015; Rufino et al., 2017) .
As for the data obtained from greenhouse, it was verified decreasing linear behavior with the increase in doses.
Although not show any significant change at the final percentage of SE (Table 1) . These results reveals the compromising of the ability to rapid emerge with the increase in the doses, although, without affecting the final establishment of the stand. Tavares et al. (2012) and Corlett et al. (2014) verified that, the seeds coating with Si did not compromised the seedlings emergence of rice and barley, respectively. While Tunes et al. (2014) stated linear rise in seedlings emerged with the increase of Si doses. Studies with Si nanoparticles in seeds demonstrate that the benefic effects proportioned by this element are more pronounced in low concentrations, since, by increasing the concentration within the seeds, it accumulates in the epidermal tissues, bettering the cell wall sustainability, but, retarding the radicle emission and seeds germination, consequently, de seedlings development (Janmohammadi & Sabaghnia, 2015) . On the other hand, this cell wall fortification, just as in the activation of biochemical compounds of Si, confers resistance to the plants against biotic and abiotic stresses (Debona et al., 2017) .
For the SL21d, it is observed that the data adjusted to a quadratic positive model, being the ideal dose obtained with 94 g of Si 100 kg -1 of seeds, generating a growth expectation of 7.7% more in relation to zero dose (Table 1) , and thus, demonstrating that the shoot growth was favored with the Si doses. However, there was no significant difference for RL21d and SDM21d, for increasing doses of Si (Table 1) . It is worth to emphasize that the higher seedlings growth can increment the exploitation of the solar radiation available in the begging of the cycle, being important for the photosynthetic process, as well as well-developed roots will propitiate larger area of exploration and acquisition of water and nutrients (Taiz & Zeiger, 2013) .
For the variable RDM21d, the results found were adjusted to a negative quadratic model, where the increase in Si doses had its minimum point at 104 g of Si 100 kg -1 of seeds, although, not compromising the shoot development (Table 1) . Similar effect was observed by Ribeiro et al. (2011) In relation to the Si concentration in roots, it is observed that the data were adjusted to a positive quadratic equation, and when submitted to the dose of 101 g of Si 100 kg -1 of seeds, presented an increase of 27.17% in relation to the zero dose. For the concentration of Si in hypochlorite and leaf, there were no significant differences between the doses (Table 1) . According to Mitani and ma (2005) , the species of plants classified as non-accumulating, as common beans, have a lower number of Si transporters in the apoplast and symplast, and a failure of the Si transporters of cortical cells to the xylem, what explains the larger Si concentration in the radicular system instead of the shoot area.
By the sanitary analysis, it was possible to detect, in common bean seeds coated by carbonized rice hulls, fungus as Fusarium sp., Alternaria sp. and Colletotrichum sp., and fungus from storage Peniillium sp., and Aspergillus sp. (Tables 2 and 3 ). These fungi were considered pathogenic to common beans, which caused seeds deterioration, roots and stem rottenness, wilt, necrosis and seedlings death (Marcenaro & Valkonen, 2016) . Note. *Mean followed by the same letter in line do not differ among themselves (P > 0.01) according Kruskal-Wallis test. ns: non-significant.
For the Penicillium sp. incidence, the data adjusted to a quadratic positive model in function of Si doses, achieving the maximum point in the dose of 88 g of Si 100 kg -1 of seeds (Table 2 ). For Alternaria sp. there was a reduction in incidence with the increase of doses, which presented a decreasing linear behavior, a reduction of 58% in relation to the zero dose was observed at the highest dose (Table 2) . Benefic results of the Si utilization were verified by Dallagnol et al. (2013) in the reduction of Bipolarisoryzae in rice seedlings, and by Tunes et al. (2016) , in the control of fungus incidence in seeds. However, Roma-Almeida et al. (2016) did not find reduction in pathogens incidence in rice seeds produced under different doses and sources of Si. Fusarium sp., Colletotrichum sp. and Aspergillus sp do not present significant differences to the coating in different doses, but was observed a higher percentage mean of incidence to Fusarium sp. (81.2%) between the pathogens associated with common bean seeds, coated with carbonized rice hulls (Table 3) . Mambrin et al. (2015) also verified the presence of this genre, mostly in common bean lines produced in the central region of Rio Grande do Sul state.
The common bean seeds coating with Si did not eliminate pathogens associated with seeds, which in its majority occurred sporadically within the Si doses (Tables 2 and 3) . Conversely, Si has been used in the control of diseases in many pathosystems, contributing in the integrated control strategies, throughout the increase of plant resistance through mineral fertilizing, which collaborates to the reduction in the usage of fungicides in the agriculture (Marodinet al., 2014) .
The coating process is environmentally less aggressive technique, which favors the micronutrient contact with the first issued roots, during the germination and seedlings emergence (Tunes et al., 2012; Corlett et al., 2014) . The nutrients, though, must be easily absorbed by the radicular system, in order to propitiate better conditions to a fast and vigorous growth. In this manner, the seedlings may avoid initial infection caused by pathogens that are associated with seeds, just as the same for those present in the soil, mostly during initial development (Corlett et al., 2014; Tuneset al., 2014; Lamichhane et al., 2017) .
Conclusions
The seeds coating with different doses of carbonized rice hulls does not modify the physic quality and does not negatively affects the physiologic quality of seeds.
Crescent doses of carbonized rice hulls up to 101 g of Si 100 kg -1 of seeds increase the seedlings vigor evaluated by the total dry mass and length of shoot at 21 days after seeding, as well as the Si amount in roots.
The root dry mass at 21 days after seeding presents growth reduction with the increase of doses until 104 g of Si 100 kg -1 of seeds, although, without compromising the shoot development and the element accumulation. The different Si doses supplied by the carbonized rice hulls do not control pathogens associated with the seeds.
